• The combination of ultrasonic extraction and pH-zone-refining CCC is used in the present study • Three isoquinoline alkaloids with high purities are obtained in a single run • Optimizing the concentration of retainer and eluter is an important aspect in pH-zone--refining CCC
monia. The major bioactive constituents are jatrorrhizine, palmatine, and berberine, as shown in Figure  1 , which belong to isoquinoline alkaloids and are very similar in chemical structure, polarity, and alkalinity. Berberine, as one of the important major components, has strong anti-inflammatory and antimicrobial activities [2, 3] . Recently, cholesterol-lowering and antidiabetic effects of berberine have been proved [4, 5] . Palmatine, another major component, has anti-infectious effects and has been used for the treatment of infections caused by bacteria, fungi, and viruses. Given the aforementioned, establishing an efficient and rapid separation method is deemed helpful to research pharmacological effects and develop a standard of quality. Many scholars have attempted to study these isoquinoline alkaloids using traditional column chromatography, which is time and solvent consuming [6, 7] . Although high-performance centrifugal partition chromatography (HPCPC) and countercurrent chromatography (CCC) have been employed for the separation of these polar alkaloids, the process usually needs several steps and the loading capacity is not large enough [8] [9] [10] . Compared with the above separation methods, PZRCCC is developed from countercurrent chromatography (CCC). As a liquid-liquid partition chromatography technique without a solid support matrix, PZRCCC enables the separation of organic acids and alkaloids into a succession of highly concentrated rectangular peaks that elute according to their pK a values and hydrophobicities [11, 12] . PZRCCC has many advantages, including large sample loading capacity, high concentration, and high purity of targeted components. Besides, it detects samples by their pH values, which is helpful if there is no ultraviolet absorbance [13] . In the past decade, it has been successfully used for the separation of natural and synthetic products [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In the present study, the crude sample (1.5 g) was separated using PZRCCC with the selected solvent system chloroform-methanol-water. Three isoquinoline alkaloids, each at the purity of over 93.0% were obtained. We herein report the combinative application of ultrasonic extraction and of PZRCCC for the isolation and purification of three isoquinoline alkaloids from B. radix.
EXPERIMENTAL Reagents and materials
Petroleum ether (Pet, b.p. 60-90 °C), ethyl acetate (EtOAc), methanol (MeOH), ethyl alcohol (EtOH), chloroform (CHCl 3 ), hydrochloric acid (HCl), triethylamine (TEA), dimethyl sulfoxide (DMSO) and tetramethylsilane (TMS) used in PZRCCC separation and NMR analysis were of analytical grade (Shanghai SSS Reagent Co., Ltd., Shanghai, China). Methanol (MeOH) and acetic acid (AC) used for HPLC analysis were of chromatographic grade (Shandong Tongcheng Medicine Technology Co., Ltd., Shandong, China). The double-distilled water (H 2 O) (Wuhan Zhi Precision Instrument Co., Ltd., Wuhan, China) was applied in preparation of all dilutions and solutions.
Berberidis radix was collected in Sichuan Province. The species was identified by Professor Jia Li (Shandong University of TCM, Jinan, China).
Apparatus
In the present work, a TBE-300A HSCCC apparatus (Tauto Biotech, Shanghai, China) is used and the column is three preparative coils connected in series (the diameter: 2.6 mm; the total volume: 300 mL) and the volume of the quantitative loop is 20 mL. The revolution radius (R), or the distance between the holder axis and the central axis of the centrifuge, is 5 cm, and the β values of the multilayer coil range from 0.47 at the interior to 0.73 at the exterior (β = r/R, where r is the rotation radius or the distance from the coil to the holder shaft). The rotation of the column is controlled by a speed controller in the range of 1 to 1000 rpm. A DCW-0506 constant temperature circulator (Shanghai Baidian Instrument Co., Ltd., Shanghai, China) set at 25 °C is applied to keep the temperature of the HSCCC instrument constant. And a TBP1002 constant flow pump (Tauto Biotech, Shanghai, China) is used to pump solvent. The detection of effluent is carried out using an 8823B-UV detector (Beijing Tianchenwode Biotech Co., Ltd., Beijing, China) working at the wavelength of 254 nm and a PHS-3C pH meter (Wuhan Jisi Instruments Equipments Co., Ltd., Wuhan, China). The description of the PZRCCC chromatogram is achieved by a model STR1001 recorder (Jiangsu Shun Tong Instrument Co., Ltd., Jiangsu, China).
The crude sample and purified alkaloids are analyzed by the Waters Alliance liquid chromatography system where a 2695 pump, a 2998 photodiode array detection (PAD) system, a 2695 system controller, a 2695 multi-solvent delivery system, and an Empower 3 work-station (Waters, Milford, MA, USA) are used.
Preparation of crude sample
The crude sample was obtained by ultrasonic extraction method [26] . The steps were as follows: 1) Air-dried Berberidis radix (1.0 kg) was pulverized to a powder fine enough to pass the 40-mesh and the powder was extracted by an ultrasonic device with 2 L 95% EtOH for 20 min, and the process was repeated two more times; 2) the filtrate was collected and concentrated on a rotavapor at 60 °C. Finally, 45 g of crude sample was obtained and stored in a refrigerator (4 °C) for further PZRCCC separation.
Determination of the partition coefficient (K D )
The primary election of solvent system was based on the partition coefficient (K D ) of the target components abiding by the principle introduced by Ito [27] . The K D values were determined using HPLC analysis as follows: 1) volumes (1 mL) of the upper and lower phases were placed into a 2-mL test tube; (2) a suitable amount of crude sample was also added into the test tube, as was 5 μL of HCl (K acid ) or TEA (K base ); 3) the solution was then shaken to distribute crude sample between the upper and lower phases; 4) let the solution standing for about 30 s before a biphase solution was obtained; 5) volumes (200 μL) of the upper phase were placed into another test tube and dried with a steam of nitrogen; 6) the residues were diluted to 200 μL with MeOH and analyzed by HPLC; 7) the lower phase were also prepared and analyzed as above; 8) the K D value was defined as the peak area of target compound in the upper phase divided by that in the lower phase [11] .
Preparation of biphase solvent system and sample solution Two liters of a biphasic solvent system CHCl 3 --MeOH-H 2 O (4:3:3 volume ratio) were equilibrated in a separator funnel and separated before use. The upper aqueous phase (the stationary phase) was acidified with HCl to the concentration of 40 mM and the lower organic phase (the mobile phase) was alkalized with TEA, establishing a 10-mM solution. The above phases were degassed by sonication before being pumped into the connected coils.
The sample solution was prepared by dissolving crude sample (1.5 g) in 20 mL of the above solvent system (10 mL of upper phase with HCl and 10 mL of lower phase without TEA).
PZRCCC separation
The separation procedure of PZRCCC began with the upper phase (stationary phase) pumped into the multilayer-coiled column at a flow rate of 15 mL/min and then sample solution was injected. After the rotation speed of the column was set and controlled at 800 rpm, the lower phase (mobile phase) was pumped into the column at a flow rate of 2.0 mL/min in head to tail elution mode. The effluent was continuously monitored by an UV monitor and the wavelength was set at 254 nm. Each 10 mL manual collection was placed into a test tube. Simultaneously, the pH values of every collection were determined by a pH meter and the chromatogram was described by a portable recorder. When the separation process was completed, the apparatus was shut down and the column contents were forced out into a graduated cylinder with pressurized nitrogen. The retention rate of the stationary phase was defined as the volume of the stationary phase retained in the column divided by the total volume of the column. After calculation, the percentage of retained stationary phase in the column was 53.3%.
Analysis and identification of PZRCCC fractions
The purified fractions by PZRCCC and crude extract were analyzed by HPLC with an Agilent Zorbax SB-C 18 column (250 mm×4.6 mm id, 5 μm) and the column temperature was set at 25 °C. The mobile phase was MeOH-H 2 O (2.0% AcOH and 0.1% TEA, 28:72, volume ratio). The flow rate was set at 0.7 mL/min and the effluent was monitored by a PAD at the wavelength of 345 nm.
The identification of purified compounds was performed by a Pentium 4 computer with mass selective detector Productivity Chemstation Software and electrospray ionization-mass spectrometry (ESI--MS) with an Agilent 5973N mass selective detector (MSD). The ionization current was 150 mA and mass spectrometer scanned between the range 29-400 mat scan 1 s with an ionizing voltage of 70 eV. The NMR spectrum was recorded with a Varian-400 spectrometer (Varian, Palo Alto, CA, USA) with DMSO as solvent and TMS as internal standard.
RESULTS AND DISCUSSION
Optimization of the two-solvent system A successful separation by PZRCCC requires a suitable two-phase solvent system which provides ideal K D values in both acidic (K acid << 1) and basic (K base >> 1) conditions as well as good solubility of the crude sample [11] . According to existing literature about separation by PZRCCC, two solvent systems composed of MtBE-CH 3 CN-H 2 O and Pet-EtOAc--MeOH-H 2 O, each with different volume ratios were first investigated. Although several volume ratios of these two solvent systems provided suitable K D values for the main compounds, none of them could be used for the separation of this crude sample because of the poor solubility of less than 0.3 g in both phases. Considering the high polarity of quaternary ammonium alkaloids, the crude sample might have good solubility in chloroform, which is often used for the extraction of alkaloids and the solvent system CHCl 3 -MeOH-H 2 O was examined. The K D values of this two-phase solvent system at the volume ratio of 4:3:3 were evaluated. When 10 mM HCl was added into the upper phase and 10 mM TEA into the lower phase, the resolution of target quaternary ammonium alkaloids and impurities improved. However, the resolution of the target quaternary ammonium alkaloids was also not perfect and the crude sample was not separated completely. Based on the above experiments, it was thought that increasing the concentration of retainer acid could enhance the resolution [27] . The concentration of retainer in stationary phase mainly determined the concentration and retention time (RT) of analyte as well as the retention rate of stationary phase. In order to achieve efficient resolution of the target compounds, a proper amount of the retainer should be added to aqueous stationary phase. Although compounds 2 and 3 were separated with high purity when 30 mM HCl was added into the upper phase, compound 1 and part of compound 3 were eluted as a mixture, as shown in Figure 2 . The resolution was greatly improved and three fractions were clearly observed when the aqueous phase with 40 mM HCl and the organic phase with 10 mM TEA as shown in Figure 3 . The detection of pH values also revealed three flat pH-zones, indicating a successful separation of the three target isoquinoline alkaloids. Thus, the two-phase solvent system CHCl 3 -MeOH--H 2 O (4:3:3 volume ratio) with 40 mM HCl in the aqueous stationary phase and 10 mM TEA in the organic mobile phase was selected for the separation of the crude alkaloids. Although the solvent system CHCl 3 -MeOH-H 2 O (2:1:1 volume ratio) with 10 mM HCl in the aqueous stationary phase and 10 mM TEA in the organic mobile phase has been reported, the pretreatment of the crude sample is complicated and only two quaternary ammonium alkaloids are separated from Corydalis yanhusuo W.T. Wang by PZRCCC [28] .
In present study, palmatine (251.6 mg, RT: 3.4--4.1 h) with the purity of 98.1%, berberine (392.5 mg, RT: 4.2-5.6 h) with the purity of 93.1% and jatror- rhizine (412.6 mg, RT: 6.1-7.7 h) with the purity of 95.7% were obtained in a single run with purities of all being over 93.0 % from 1.5 g of crude sample using the selected conditions as shown in Figure 4b -d. Figure 4a shows the HPLC chromatogram of the crude extracts, which mainly presented three peaks (1, 2 and 3) corresponding to jatrorrhizine, palmatine and berberine in sequence, based on the peak area normalization method at the optimized detective wavelength of 345 nm.
Structure identification
Identification of the alkaloids purified by PZRCCC was carried out by UV, ESI-MS, 1 H-NMR and 13 C-NMR. The results for each alkaloid were as follows.
Compound 1 (peak 1 in Fig. 4 The chemical data displayed above were consistent with jateorhizine. These findings confirmed that the compound is jateorhizine [29] .
Compound 2 (peak 2 in Fig. 4 The chemical data displayed above were consistent with palmatine. These findings confirmed that the compound is palmatine [29, 30] .
Compound 3 (peak 3 in Fig. 4 The chemical data displayed above were consistent with berberine. These findings confirmed that the compound is berberine [29, 30] .
CONCLUSIONS
In the present paper, a rapid and efficient method for preparative separation and purification of alkaloids from Berberidis radix by PZRCCC has been established. Three isoquinoline alkaloids including jateorhizine (412.6 mg), palmatine (251.6 mg) and berberine (392.5 mg), with purities of all being over 93.0%, were successfully obtained in a single run. The results of the present study clearly demonstrate that the combinative application of ultrasonic extraction and PZRCCC is an efficient and unique technique in the separation of alkaloids from TCM.
